
UNCLASSIFIED

AD NUMBER

CLASSIFICATION CHANGES
TO:
FROM:

LIMITATION CHANGES
TO:

FROM:

AUTHORITY

THIS PAGE IS UNCLASSIFIED

AD039843

unclassified

confidential

Approved for public release; distribution is
unlimited.

Distribution authorized to U.S. Gov't. agencies
and their contractors;
Administrative/Operational Use; 29 APR 1954.
Other requests shall be referred to Naval
Ordnance Systems Command, Washington, DC 20360.

USNSWC ltr dtd 28 Jan 1976; USNSWC ltr dtd 28
Jan 1976



THIS REPORT HAS BEEN DELIMITED 

AND CLEARED FOR PUBLIC RELEASE 

UNDER DOD DIRECTIVE 5200,20 AND 

NO RESTRICTIONS ARE IMPOSED UPON 

ITS USE AND DISCLOSURE, 

DISTRIBUTION STATEMENT A 

APPROVED FOR PUBLIC RELEASE; 

DISTRIBUTION UNLIMITED, 



UNCLASSIFIED 

AD 
Hepsioduced 

Ity, tke 

ARMED SERVICES TECHNICAL INFORMATION AGENCY 
ARLINGTON HALL STATE 
ARLINGTON 12, VIRGINIA 

DOV7NGRADED AT 3 YEAR INTERVALS: 
DECLASSIFIED i ̂ FTER 12 YEARS 

DOD DIR 5200 .10 

1 

UNCLASSIFIED 



fe^SiiiB*i«SBfce«aKs^^j»ifc'S'V*»- 

ied Services Technical Information Agency 
ft.cause of our limited supply, you are requested to return this copy WHEN IT HAS SERVED 
('OUR PURPOSE so that it may be made available to other requesters.  Your cooperation 
will be appreciated. 

.   C£:   WHEN GOVERNMENT OR OTHER DRAWINGS, SPECIFICATIONS OR OTHER DATA 
U USED FOR ANY PURPOSE OTHER THAN IN CONNECTION WITH A DEFINITELY RELATED 
>V SUNMENT PROCUREMENT OPERATION, THE U. S. GOVERNMENT THEREBY mCURS 
1  lISPONSIBfiJTY, NOR ANY OBLIGATION WHATSOEVER; AND THE FACT THAT THE 

WNMENT MAY HAVE FORMULATED, FURNISHED, OR IN AN* WAY SUPPLIED THE 
l DRAWINGS, SPECIFICATIONS, OR OTHER DATA 13 NOT TO BE REGARDED BY 

iPLICATION OR OTHERWISE AS IN ANY MANNER LICENSING THE HOLDER OR ANY OTHER 
3 SON OR CORPORATION. OR CONVEYING ANY RIGHTS OR PERMISSION TO MANUFACTURE, 

i: Cfi S*2LL ANY PATENTED INVENTION THAT MAY D* ANY WAY BE RELATED THERETO 

I 
I 

J 

Reproduced    by 

DOCUMENT SERVICE CENTER 
K*fi Y T    ** " •*III#»   n a v » «» M   «   n u in 

'-flW 

*&&&*&£*•, SfiftSe 



NAVOHD REPORT   3748 

£Z2l €/£ IGNITION ENERGIES OF SCUD PROPELLANTS 

29 APRIL IS5^ 

U. S. NAVAL 0RDNAM6E LABORATORY 
WHITS OAK, MARYLAND 

CONFIDENTIAL 

54H'C-264 51 CMl 



CONFIDENTIAL 
NAVOED Report 37^8 

IGNITION ENERGIES OF SOLID PROPELLANTS 

Prepared by: 

TITT TTTO     M VXITf! 

Approved by:       E. C. Noonan 
Chief, Fuels" and Propellants Division 

ABSTRACT: This la a progress report on an investigation 
to test the theory of Lewis and von Elbe (i) for the 
ignition of prope Hants. 

Information from two types of experiments *as utilized 
to calculate ignition energies per unit area and "linear" 
surface temperatures. At the University of Michigan (2,3) 
M2 propelIant was ignited by hot gas unclsr forced convection, 
while at the Franklin Institute (5,5) ignition occurred by 
free convection (including radiative) heat transfer. From 
these experiments it is shown that, for constant gas flow 
rate (forced convection) and constant gas pressure (free 
and radiative convection), the ignition energy per unit 
area decreases with increasing gas temperature, which ia 
in accordance with the theory. The ignition times are 
too long to allow determination of whether a minimum 
ignition energy per unit area exists. It is proposed to 
extend the investigation to the short ignition times pro- 
vided by the adlabatlc compression technique developed 
at NOL. 
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Under Task NOL B2d=2-l-54 the Naval Ordnance Labora« 
tory is charged with conducting research on the fundamentals 
of ignition and combustion. This report is concerned with 
the amount of energy per unit area necessary to ignite a 
propellant under given conditions. 

JOHN T. HAYWARD 
Captain, USN 
Commander 
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IGNITION ENERGIES OP SOLID PROPELLANTS 
I.  TABLE OP SYMBOLS 

arbitrary constant 

constant pressure heat capacity 

diameter of propellant grain 

energy flux 

gas mass flow rate 

reduced heat transfer coefficient 

heat transfer coefficient 

thermal conductivity of gus 

thermal conductivity of propsllant 

arbitrary exponent 

ignition energy per unit area 

time 

gas temperature 

ambient temperature 

surface temperature 

assumed surface temperature 

temperature above ambient at x and t 

surface temperature above ambient at t 

gas temperature above ambient 

flctituous gas "temperature" 

distance from surface into propellant 

dlffusivity of propellant 

dlmensionless 

any units 

any units 

any units 

Ibs/hr ft2 

1/om 

any units 

any units 

any units 

dimensionises 

cal/cm2 

any units 

OK 

°K 

<-K 

°K 

°K 

°K 

°K 

any units 

any units 
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I.  TABLE OF SYMBOLS (contd.) 

T  Ignition time any units 

/I     gas viscosity any units 

Subscripts: 

Q  "greatest" 

L  "least" 

1 
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II.  INTRODUCTION 

The Ignition theory advanced by Lewis and von Elbe 
states that the amount of energy per unit ar«a, q, neces- 
sary to ignite a propellant surface depends upon the 
energy source temperature. The lower that temperature, 
the greater must q be. Also as the temperature Increases, 
q approaches a minimum value. This minimum q is thought 
to be approximately equal to the excess enthalpy associ- 
ated with the combustion wave. 

The purpose of this investigation has been to test 
the theory and to demonstrate the conditions under which 
it is valid. 

The equations for the local heat transfer coefficients 
for forced convection, derived by the University of Michi- 
gan (6), enabled us to test thin theory under conditions 
which are similar to those found in practical ignition 
systems., Because of the typs of dependence of these 
coefficients upon the assumed surface temperature of the 
grain, it is possible to calculate "greatest" and "least" 
coefficients for every experimental run. Hence, for every 
run, this permits the calculations of "greatest and "least" 
value of q and surface temperature, T8. 

III.  MATHEMATICAL MODEL 

To calculate TB and q at the time of ignition, x   , 
it is necessary to solve the classical heat conduction 
equation for a cylinder being heated by convection. To 
simplify the problem a little, one can substitute a semi- 
Infinite solid for a semi-infinite cylinder. This is 
possible because the diffuslvity of the class of solid 
propellantB is extremely small and the order of ignition 
times involved does not allow for any appreciable tempera- 
ture rise much below the surface. Hence., to a temperature 
wavf? propagating into the solid from the surface, the solid 
appears to be of infinite depth i.e. a Bemi-infinite solid. 
The problem is reduced to that of finding va, the surface 
temperature above ambient, and a as functions of t for a 
semi-infinite solid being heated by convection and/or 
radiation from a medium at temp V above ambient; the 
initial temperature of the solid is zero, 

* 
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The equation to be solved la 

(i)  ^r = ,c — 

for the boundary conditions 

- p"+jUr =V  «± x=o 
(2) 

AT(X,0)=O 

The solution (8)  Is 

where er-fx J s4 U"    «*u 

Putting x • 0 and t • r , one gets for the surface 
temperature rise at the Ignition time, 

• 

(4 )   ry;(r) = V {\ - fe tT erk -WfcT } 

To calculate q we Integrate the flux over the Ignition 
Interval, and this is 

(5)   ^Cotf= ) f(ft«Ut 

where   f(?,*) -K "•->x 

We h»ve 

1^*1 . - AV t*"4*" .* (jfe vW5) 
3K 

The surface flux Is 

(7)        fM« KlV€4Ste^c -Mt 

4 
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Substituting (7) into (5) yields 

After evaluating the second integral by parts we 
finally get 

(9) 

where q will replace q(o,r ) **»«J V8 will replace vs( r) 
from now on. 

(Q) can be rewritten* by substituting (4) into it, 
giving (9')     V£ ( 4X^-5.1 

V     Xk Ivrr       V J 

cio)   H.Ai(5f) (a) (^ 

The h used is eq(2) is defined by 

n '- « \        E.     ' 

Hence 
0.13- 

ttn\ 
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IV.  EXPERIMENTAL AND CALCULATED RESULTS 

It is desired to evaluate v3 and q for the Michigan and 
the Franklin Institute data. 

The Michigan equation for the heat transfer coefficient, 
H, between a moving gas stream and j.  right circular cylinder 
where axis is normal to the gas flow is 
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For any one experimental run all the constants of 
(12) are known except T'g which increases from ambient 
temperature, T0. Therefore h depends upon our knowl«dg* 
of T'a. But by eq(4), we must know h in order to cal- 
culate T8 - ?0 + va I This does not make the situation 
hopeless, for by the following method we can demonstrate 
that the lndetermlnancy in v8 is very small compared to 
the actual vs. 

For a given r during any one experiment, the values 
of vs and q will be greatest when h is greatest. Similarly, 
the values of vB and q will be smallest when h is least. 

(12) it is easily seen that r i. win 

(13)   K~&) 
n.ts. 

an' 

(14)   iL -  (4;. ) 
e.!» 

By replacing T'BT by T0 in (13) we get hQ and hence 

V8Q and qG by (4) and (9). Then replacing T'8Q by T0 + vSQ 
in (14) we obtain h^ and hence v8L and qj,. We now have 

(15)     %L « **-%* 

Analysis of the dat* ?hows that 

"Vu" "V <* "*» 
(16)     '  L 

In their report, the Franklin Institute had calculated 
the surface temperatures for the Michigan work using the 
letter's equation for the local heat transfer coefficient. 
Since their values of v8 must obey (15) and (16), we have 
used these values in (9 ) to calculate the q!s which also 
obey (15) and (16), For the range investigated qn and q^ 
differ by 0.1 - 0.2 cal/W*.  The lower limit is for shorter 
ignition times. 

6 
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At this point It must be pointed out that the Ignition 
time, In all cases, was determined by actuation of a photocell 
by the propellant flame. 

In Table 1 are giver, th^ calculated q's for forced con- 
vection using an 8o# No - 20# O2 gas. 

in Tables 2, 3, and 4 are given the calculated q's for 
free convection for H^ No, and air, respectively. The v8's 
shown are those previously calculated (5). 

In Table 5 are given qo, Qx,, V8(J, V8L and the experi- 
mental conditions for a different set of forced convection 
experiments (3).  These are characterized by much shorter 
ignition times.  The values of A • 0.81 and n » 0.54 were 
used In (10). 

figures 1, 2, 3* and 4 are the plots of data in Tables 
1, 2, 3* and 4, respectively. 

Tables 2, 3* and 4 are plotted in such a manner in 
Figures 5» 6, and 7 that each Figure represents a constant 
pressure level. 

The physical constants used are reported in the Michigan 
and Franlclin Institute reports. 

V. INTERPRETATION AND CONCLUSIONS 

7 
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Since the model used allowed for energy transfer only 
from a hot gas to a propellant, the values of vs and q 
represent those quantities at the end of the ignition interval, 
T , if no chemical reaction had taken place in the propellant. 

T 

From Figures 1, 2, 3* and 4 and Table 5, one can see that 
for all runs at constant flow rate or constant pressure, the 
values of q decrease with increasing gas temperature.  Here 
we see that the q necessary to Ignite the propellant surface 
must depend not only upon the energy source temperature, as 
stated in Reference 1, but also upon the flow rate or pressure 
level for convectlve processes. 

The effect of pressure upon q varies markedly between 
the three gases for natural convection. In Figures 2, 3* 
and 4 it is Been that if we consider the gas at constant 
temperature an increase in pressure gives rise to an in- 
crease in q for helium but a decrease In q for nitrogen and 
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the 8o# N2 - 20# O2 mixture. This inversion cannot be 
explained at the present moment. We can, however, specu- 
late as to the cause. 

Suppose propellant ignition was determined, in addition 
to the assumed convective heat transfer, by a gas-solid 
phase chemical reaction.  Since ignition times are deter- 
mined by photocell activation due to the propellant flame 
radiation, any phenomenon which would cause the delay of 
the flame reaction would Increase r and, by (9)# q. The 
degree of diffusion of the inert gases, He and No* into 
the gas reaction zone next to the propellant surface would 
vary according to the pressure levels, and the mobility of 
the inert molecules compared to those of the gas products 
at any particular level. Thus, one may suppose that the 
diffusion process could cause the inversion.  It must be 
admitted that this is a. very sketchy description of the 
hypothesis. 

On many of the plots in Figures 2, 3» and 4 the 300 
psig curves tend to fall out of place when compared with 
the other pressure levels. The experimenters (5) feel that 
due to experimental difficulties it is not possible to 
determine vrith certainty whether or not any apparent 
exceptions in their calculations (hence in our's) are 
significant. 

It is important to note that within the range of 
experimental results used the lowest value of q la 1.7 
cai/cm*.  This value is In agreement with minimum ignition 
energies obtained from previous (9) steady state burning 
results. These gave a value of 2.55 cal cm2 for the excess 
enthalpy associated with a combustion wave as measured by 
integratlng under the temperature-distance curve of steady 
state burning of nitrocellulose strands.  The value of 
2.0 cal/cm2 for the energy associated with the combustion 
wave was obtained ( 9 ) by measuring the heat drain from 
a burning powder strand to a copper strip cemented to the 
bottom of the strand. However, there Is no evidence to 
indicate that If the gas temperature is increased, the 
value of q at ignition could not continue to decrease with 
shorter ignition times. 

VI.  FUTURE WORK 

At NOL (10) we have been igniting various propellants 
by adiabatic compression since this method bears close 

8 
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resembier.ee to practical gun and rocket ignition conditions 
We can obtain ignition of equivalent semi-infinite pro- 
pellant cylinders in the order of two or three milliseconds, 
Attempts are being made to calculate the ignition energies 
and a "linear" surface temperatures for such very short 
ignition times under conditions of continuously varying gas 
temperature and pressure, and mass flow rate. It is hoped 
that these conditions will allow us to ascertain whether 
there exists a critical minimum ignition energy per unit 
area. The computations are necessarily very complex. 

IS 

9 
CONFIDENTIAL 

• 



! 

CONFIDENTIAL 
NAVORD Report 3748 

VII.  BIBLIOGRAPHY 

(1) Lewis, B., and von Elbe, G., "Bulletin of the First 
•Symposium on Solid fropellant Ignition", Sept. 1953, 
Confidential. 

(2) Brier, J. C, Churchill, S. W., and Thatcher, C. M., 
University of Michigan Report No, 51-P2, Sept. 1951, 
Restricted. 

I 
(3) Brier, J. D., Churchill, S. W., and Thatcher, C. M., 

University of Michigan Report No. 53-S1, Sept. 1953, 
Restricted. 

(4) Bickford, H. G., Conant. L. C, Jr., wachtell, G. P., 
and Roth, J. F., Bulletin of the First Symposium on 
Solid Propellant Ignition, Sept. 1953, Confidential. 

(5) Roth. J, F. , and Bickford, H. G., The Franklin Institute 
Final Report No, F-2338, Oct. 1953= 

(6) Brier, J. C, Churchill, S. W., Engibous, D. L., 
Thatcher, CM., University of Michigan Report 
No. 52-Slb, July 1952. 

(7) Hicks. B. L., Kelsc, J. W., and Davi3, J., Ballistics 
Research Laboratories Report No. 756, July 1951, 
Restricted. 

(10) Bryan, G. J., U. S. Naval Ordnance Laboratory, NavOrd 
Report 2840, Oct. 1953* Confidential. 

CONFIDENTIAL 

(8) Cawslaw and Jaeger, "Heat Conduction in Solids". 

(9) Lewis, B., and von Elbe, G., Bulletin of Fifth Meeting 
of the Army-Navy Solid Propellant Group, March, 1949, 
Confidential. 

10 
: 

•   - 



CONFIDENTIAL 
NAVOKD Report 3748 

TABLE 1 

IGNITION EHSRQISS FER UNIT AKEA FOR 
M2 PROPELLANT USING 605SN2-2056O2 

OBTAINED FROM UNIVERSITY OF MICHIGAN 
DATA FOR FORCED CONVECTION 

h* 

290 
391 
516 
5^0 
58j> 
U6U 

646 
712 

3,5 SCFM 

296 
403 
529 
635 
751 
764 

2.0 SCFM 

7.65 
3.05 
1.14 
0.768 
0.767 
O.6C0 
0.^35 
0.413 

9.25 
3.10 
1.26 
0.687 
0.447 
0.456 

15.36 
16.79 
18.85 
19.04 
19.37 
20.47 
20.68 
21.45 

i 2 P-Q 
14.04 
15.75 
17.08 
18.43 
18.42 

v8* 

185 
210 
224 
208 
234 
234 
232 
238 

1 fto 
Jk w C 

197 
211 
218 
233 
238 

• 

8.88 
6.23 
4.01 
3.00 
3.25 
*•» r\r\ 
J • v/C, 
2.81 
2.55 

5.85 
3.93 
2.95 
2.^6 
2 ,"65 

322 
405 
501 
632 

8.82 
4.47 
2.07 
0.873 

9.66 
10.72 
11.53 
12.70 

17] 
1&8 
191 
191 

8.63 
6,73 
4.59 
2.93 

•Calculated by Franklin Institute (5) 
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TABLE 2 

IQN::TION ENERGIES PER UNIT AREA FOR M2 PROPELLANT USING He 

OBTAINED FROM FRANKLIN INSTITUTE DATA FOR FREE CONVECTION AND 
RADIATION 

p V v*» r h» 1*1 q 

0 420 599 9.12 3-57 168 8.38 
495 767 5.82 3.61 182 7.21 
570 95J 1186 

3.52 
2.41 

3.69 188 5.77 
645 3.72 199 5.12 
795 1746 1.08 3.85 213 3.55 

50 420 532 8.54 
4.41 

5.73 205 9.88 
495 CCc 5.78 204 7.04 
570 815 3.22 5.82 223 £ en 

5.28 645 986 2.02 5.90 227 
720 1178 1.28 6.00 228 4.18 
795 1406 0.90 6.00 234 3.61 

100 395 473 8.20 7.08 206 9.80 
495 633 4.30 7.12 223 7.72 
570 768 2.46 7.20 223 5.79 
645 922 fl.96 

11.20 
7.24 {247 

1203 
15.60 
13.62 
IT in-. 720 1095 1.23 7.32 

f95 1 f-kl-iSZ rv no 7.32 2b6 3.99 

- 200 420 490 7.10 9.16 238 10.67 
495 601 4,33 9.24 253 8.75 
570 724 2,70 9.26 263 6.95 
645 861 1  T5 9.31 266 5.71 
720 1014 1 o/> 9.34 

9.42 
273 h   fi7 

7QR 1183 0.86 282 4.21 

• 300 420 479 5.32 10.83 235 9.20 
495 585 3.50 10.90 256 7.92 
570 700 2.06 11.00 259 6.14 
645 828 1.38 IO.96 265 5.13 
720 Q69 1.00 11.02 276 4.55 
795 1128 0.67 11.00 275 3.66 

""Calculated by Franklin Institute (5) 
**7  Is a "temperature" which Includes the radiation boundary 

condition. To calculate vs and q. V is substituted for V 
in equations 4 and 9. See Reference (4) for details on 
calculating V\ 
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TABLE 3 

IGNITION ENERGIES PER UNIT AREA i 
FOR M2 PROPSLLANT USING N2 

OBTAINED FROM FRANKLIN INSTITUTE 
DATA FOR FREE CONVECTION AND RADIATION 

p V 

420 895 

r h* vB* q 

0 3C50 1.35 187 16.77 
495 1207 15'. 40 1.38 192 12.44 
570 1588 8.90 1.40 202 9.33 
645 2062 5.50 1.42 213 7.68 
720 2625 3.70 1.44 228 7.40 
795 3306 2.60 1.46 247 6.40 

50 420 722 17.50 2.53 200 13.60 
495 941 9.30 2.56 205 8.43 
570 1201 5.60 2.60 8.12 
645 1514 -1.70 2.63 227 7.17 
720 1886 2,45 2.65 238 5.86 
795 2314 1.80 2.69 257 5,57 

10) 420 677 12.30 3.33 202 11.53 
495 870 6,80 3.37 8.88 
R7ri •it 215 7.17 
645 1369 2.70 3.42 226 5.91 
720 1688 1.85 3.44 237 5.14 
795 2053 1.40 3.49 257 5.05 

200 420 631 8.80 4.52 208 IO.17 
495 799 5.00 4.59 216 7.89 
570 995 3.10 4.62 224 6.36 
645 1023 

1488 
2.10 4.66 235 5.59 

720 1.50 4.68 249 4.99 
795 1791 1.10 4.72 264 4.53 

300 420 615 5.40 5.43 194 7.44 
495 771 3.10 5.55 200 5.81 

4.74 570 952 2.00 5.60 210 
645 1162 1.35 5.64 218 45ii 
720 1406 1.00 5.64 232 3.77 
795 1676 0.75 5.72 

te (5) 

247 3.46 

•Calculated by Franklin Institu 
**See note In Table 2 
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TABLE 4 

IGNITION ENERGIES PER UNIT AREA 
FOR M2 PROPELLANT USING AIR 

8 

100   420     664    12.02  3.50    204    11.57 
7.84 

420 878 25 = 80 1.40 177 
495 1178 11.84 1.43 173 
570 1547 7.69 1.46 191 
645 2009 5.22 1.47 211 
720 r\r It -•" 3.36 1.50 223 
795 3187 2,17 1.53 231 

420 664 12.02 3.50 204 
495 851 5.84 3.56 5- w 

570 1073 3.62 3.57 208 
645 1337 

1646 
2.41 3.59 219 

720 1.57 3.60 223 
795 2008 1.25 247 

420 607 4.40 5.66 184 
495 761 2.94 5.77 200 
570 939 1.80 5.81 204 
645 1143 1.36 5 c 85 oo-a 

720 1377 1=00 5.89 237 
249 795 1644 0.74 5.93 

"^Calculated by Franklin Institute (5) 
•"U56     IIUI/C      i.i      ittDlC      d. 
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8.34 
6.9"* 

I .59 
4.56 

300   420    607     4.40  5.66    184     6.20 

5:8 
4.07 

3.44 

1 

I 
'      I 

OBTAINED FROM FRANKLIN INSTITUTE 
DATA FOR FREE CONVECTION AND RADIATION 

V      7**     r     h«     v-»      a 

•35 
: 

5.39 
4.66 

6.39 
.47 
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DXST&XBUTXG& 

3PIA Distribution List as per JANAF Mailing Liet 
of Hov. 1., 1953: 

Copies 
•^••'1  WIIB-.1I 

Induces 1 for C - 9  ^ 
ii fop c - ^7  / 
1 for C - 58  7     , ......... 85 

1 for F - 2  J 

Explosives Research Group, Institute for tha Study 
of Rate Processes, University cf Utah, Salt Lake 
City, Utah* Attn; Dr. 85- kr  Coe4c» Via im   I 

Industrial Rea^a-r^h Institute, Univ. of Chattanooga * 
Chattanooga 3. Temu, Attn: Mr. 3. Gallagher* 
Via IKM, i. . s t =,. ...... ^... ~.   1 

Coosaaniting General« Ordinance Ammunition Center, 
Jclist, Illinois, Attn: ORDLY-R .,,..«   1 

Sup. of Havel P®.it Graduate Sahec-l, Hsntere?.. Calif. ...  1 

George Washington University, Washington, D. C, via IKM. 1 

University of Maryland, College Park, M,,  Via IN30RD, 
APL ............  s,    1 

Naugatuok Chemicals, Naugatuck, Conn., 
Attn: Mr. F. J. Poster, Via iw*   1 

Chief of Ordinance, Department of the «lrasy, Reee&rch sxnl 
Ddvelepe?ewt Division, Washington 25* D. C, Attn: ORDfQ. I 

CONFIDENTIAL 



UNCLASSIFIED 

UNCLASSIFIED 


	0002
	0003
	0004
	0005
	0006
	0007
	0008
	0009
	0010
	0011
	0012
	0013
	0014
	0015
	0016
	0017
	0018
	0019
	0020
	0021
	0022
	0023
	0024
	0025
	0026
	0027
	0028
	0029
	0030
	0031
	0032

